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§1. Mechanical Property Change of High 
Purified Vanadium Alloys 
Fukumoto, K., Yamamoto, T., Matsui, H. (Tohoku Univ.), 
Muroga, T., Nagasaka, T. 
Vanadium alloys are candidate materials for fusion 
reactor blanket structural materials, in part, because of their 
potentially high operation temperatures. Information on the time 
dependent, high temperature deformation properties of vanadium 
and vanadium alloys is limited and within the existing data base 
there are uncertainties which may have influenced the results such 
as the interstitial impurity content of specimens. The objective of 
this study is to investigate the tensile and creep properties of the 
V-4Cr-4Ti alloys, VM9401 and the high-purified V-4Cr-4Ti 
alloys, NIFS-HEAT1 [1]. 
The V-4Cr-4Ti alloy used in this study was produced 
by NIFS and Taiyo Koko Co. and designated as the 
NIFS-HEAT1 [1]. The interstitial impurity concentrations in this 
alloy were approximately 180 wppm 0, 70 wppm N and 60 
wppm C. The tensile specimens were punched from sheets to SSJ 
geometry specifications (gauge dimensions: 5mm long, 1.2mm 
wide, 0.25mm thick). The materials were annealed at 950°C, 
1 ooooc and 11 00°C for 2hours. The tensile specimens were 
tested in vacuum (<1x104 Pa) at a constant crosshead speed 
ranging from 0.2 to 20 rnmlmin, which corresponds to initial 
strain rates of6.7x104 to 0.067 s·1• A study of the uniaxial thermal 
creep property of V-4Cr-4Ti is being performed using 
miniature-sized tensile specimens, 16x4x0.25mm. Specimens are 
being tested at 700, 750 and 800°C with stress levels ranging from 
150 to 200 MPa in a high vacuum furnace, <1x10-1>a. The 
minimum creep strain rate and rupture time are obtained from the 
creep tests. After the creep rupture, the microstructural and 
fractographic analyses are done using TEM and SEM. 
The results of the tensile tests are swnmarized in the 
figure 1. Compared with previous data of other V -4Cr-4Ti alloys, 
i.e., #832665, #832864, BL-47 and VM9401, the agreement in 
· tensile behavior is good and the ductility ofNIFS-HEAT1 in high 
temperature is better than other V -4Cr -4 Ti alloys which contain 
more than 300wppm of oxygen impurity. Serrations in the 
(tensile) stress strain curves were observed in specimen tested at 
temperatures between 500 to 700°C. The amplitude of serrations 
observed at 400°C was much smaller than those observed in a 
previous work. The difference of the appearance of serration in the 
stress strain curves is most likely to be caused by the reduction of 
the amounts of interstitial impurities in a matrix of the 
NIFS-HEATl. 
Specimens ofVM9401 (oxygen content: 540 wppm) 
258 
and NIFS-HEAT1 (oxygen content: 180 wppm) are used. These 
specimens were annealed at 950, 1000 and 1100°C. The creep 
strength ofNIFS-HEAT1 was stronger than that ofVM940 1 with 
same heat-treatment condition. Creep test data ofNIFS-HEAT1, 
obtained at temperatures of 700, 750 and 800, showed a 
power-law creep behavior with a stress exponent of 5.5-8 and an 
activation energy of 139kJ/mol at a stress level of 200MPa for 
creep deformation. Chemical analyses of interstitial impurity 
content in NIFS-HEAT1 and VM9401 were done before and after 
creep tests. There were not so much changes of interstitial 
impurity contents in specimens during creep tests. TEM 
observations of creep specimens were performed. Sub-boundaries 
and cell structures were seen from an early stage of steady-state 
creep regime and developed into larger cell structures as creep 
time increases. Comparison the data of NIFS-HEAT 1 with 
previous results of other V -4Cr-4Ti alloys, calculated by 
Larson-Miller parameter for USA V-4Cr-4Ti alloys, shows the 
coincidence of senses creep fracture strength. It is indicated that 
the oxygen reduction in V-4Cr-4Ti does not contribute to worsen 
the creep property, and NIFS-HEAT1 alloys show good 
mechanical properties at high temperatures. The investigations for 
mechanical property changes at high temperature during 
irradiation are strongly required as next research steps. 
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Fig.l. Ultimate tensile stress and uniform elongation vs. 
test temperature of NIFS-HEATl 
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